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fract out dark signals from 1mage signals. Body-motion-
detection circuits output a signal based on the difference

(56) References Cited between the pixel outputs during a current frame and the
1xel outputs during a previous frame. A horizontal-scannin
U.S. PATENT DOCUMENTS it P s e . NS
circuit sequentially delivers the outputs of the differential-
4,609,825 A * 9/1986 Berger et al. ............... 348/324 processing circuits and the body-motion-detection circuits
4959723 A * 9/1990 Hashimoto .................. 348/302 onto respective horizontal-readout lines to simultaneously
5,963,429 A 1071996 Isogal form an image signal and motion-detection signal. The
5,631,704 A . 5/1997  Dickinson et al. device can provide an electronic shutter function. The
5?9335189 A /1999 Nomura .........ccceeeneen.. 348/302 motion-detection signal can be either ElIlEllOg Or Single-bit
5,965,871 A * 10/1999 Zhou et al. .............. 250/208.1 dioital
6.001,793 A 7/2000 Kamashita sl
6,130,713 A * 10/2000 Merrill .............co.oelll. 348/308
6,166,769 A * 12/2000 Yonemoto et al. .......... 348/308 22 Claims, 8 Drawing Sheets
VD
},
18— 4 | U%] J—
21b-. ot i %
b - 22b
q}%:&b T H 21b
23 L
e RS
15 28 ,ﬁ:zza 21a
S 28,
LHNVEY
§TG1 | X-Iés i R .
9 RSG1! _I:H:"T”
TIHZ ey ;
¢ RSP1 476 . »
(a2 | |12 12 12
6T e o U/ -
3racz| 11 " 711
) VAZ M
b RSP2 — —
¢ TGn J‘ jtl:ﬂ- ‘lr’
o RSGn| 11 11 a1
o VAR j
9 RSPn 4 .




U.S. Patent Jul. 8, 2003 Sheet 1 of 8 US 6,590,611 B1

VD

T
73774;_:';-»7]_
A

VRD

HY ’
G |
C ' I | ¢RH

23b- i
21 Q- _ -:: oyl 1 - > .
5 i e 2ta [ T2a Thedae:
To— +— 15

23aY 777 !
e 1
¢TG1E E
orsorl | Hir ]

fa

3T



U.S. Patent Jul. 8, 2003 Sheet 2 of 8 US 6,590,611 B1

Aamﬁmm TR RO A T

A - !z[gur@ n! TA

AI, —— | //A’I/I/
/J’ CHIIII SN /Q?’é’i HL(

0 RSP1

I 0 TG1

12 I
I

N IJ'I)'I”IIIMVA
/! : C

2 FIG. 2



U.S. Patent Jul. 8, 2003 Sheet 3 of 8 US 6,590,611 B1

0 VAT o RSG1
3¢ 4G

TAAAARYNAA ANMYBART A ALA AR RN AR RN NN Y. “‘."" Q““““

t:‘.\\ N N \ L\"t\:
NN

A e e e

v
o R

fa 12

FIG. 3(a)

30 6 5 2G I
28
1
73 32 7a
3G

\\\\\ \\\\

'”IIIIIIIIIIIII IIIA

///

N
ﬂ.ﬂ

'- WA AW A

B g

4 77
30 20 G 2D
74 1 f/a
/ 0 RSP1 OC
FIG. 3(0)]; N N
'/

l //1//11111//1/1/11111/// %1 B7C

ol iz //////// i 7%,
30 7




U.S. Patent Jul. 8, 2003 Sheet 4 of 8 US 6,590,611 B1

OVAI
0T Gl
ORSGI

ORSP ‘Lﬁ"‘f-i—i-—i——:‘—e——ft—i—i—*:—i—i—i:——-ﬁ-i—%—
OVAR TR L iin
QRSP+ — T N
A e
ORSPiH#r T ——

OH1 i 1 H——
OH2 gttt T ,iiiii .
ORH it REREE ——
O PR :
T1 'T2'T3'T4§T5' 1o 7 "




U.S. Patent Jul. 8, 2003 Sheet 5 of 8 US 6,590,611 B1

40
oLD ¢ ‘ ,
Sox e | VO
J 48 Qm VD
038 ¢ 41b ——41b | 41b | T
v A7 &
VRD
?%
18 __l

H
T
O
-
T
=3
\/

"
N
Q)
‘I\J
—
D
\I\J
—

)
—

AI

©
© >
T

L 1

1=
W
-
L1 1

NI
M i
< (®)) I_.:..
D U D
|
T T [

a——
p—
—

-~
A
<)
=
h 1 1 1
MR
I U I
Wy
B U I

\

20a” 20a” 20a”
A 20— 20~8

(),

FIG. 5



U.S. Patent Jul. 8, 2003 Sheet 6 of 8 US 6,590,611 B1

0SA 9SB 43a 442 4}__b

12 |- R R R o
42a— rb Q
E ) A
FIG. 6(a) | :
@) e 45
; ( T 44b ;
aop 43D
Vout
FIG. 6(b) AV
12 51k FIG. 8
U s
QB1,+ IT\-50A QB3 E
VRI=VT-Vth | 57 3 - Q
o VR2=\T+Vth o0 ) ;
_~50B QB4 MA E
vz V4




U.S. Patent Jul. 8, 2003 Sheet 7 of 8 US 6,590,611 B1

OVA
0 TG
ORS G
ORS P
OV A+
0 T GI+1

O RS Pit
OV Ai+r
0 T Gitr
OR S Gitr
0 RS Pi+r

OSA
0SB

oLD
oCK

ON
O H1
Ay

O RH

T MU T [

~ Jex



US 6,590,611 B1

Sheet 8 of 8

Jul. 8, 2003

U.S. Patent

1INJdIO

ONISS300dd
-JOVINI

GOl

AJONSN
JOVAI
JAVYH4

“ANOOJS

AJONZN
FOVAI
JNVd

~1Sdl

e0l

(LYY HOIHd)
6 Ol

Jav

¢0l

-
—

30IAdQ
dMOld

-JOVII
31V1S-AI10S

101



US 6,590,611 Bl

1

SOLID-STATE IMAGE-PICKUP DEVICES
AND METHODS FOR MOTION DETECTION

FIELD OF THE INVENTION

This invention pertains to solid-state 1mage-pickup
devices (SSIPDs) with motion-detection capabilities and to
assoclated drive methods. In particular, this invention per-
tains to SSIPDs that stmultaneously output an 1mage signal
and a motion-detection signal.

BACKGROUND OF THE INVENTION

Solid-state image-pickup devices (SSIPDs) are typically
used 1n electronic camera equipment such as camcorders,
digital still cameras, and monitoring devices. SSIPDs mea-
sure light intensity at discreet locations to image a scene, and
contain an array ol pixels that convert light mtensity into
measurable voltage signals. These voltage signals are then
processed to produce an output signal that may be stored or
viewed on a video display.

It 1s sometimes desired to add a motion-detection capa-
bility to an SSIPD. Conventional motion-detection devices
of this type typically detect motion by comparing the
difference between frames of image data output by the
SSIPD. A “frame” of image data comprises the output
signals of all of the pixels 1n the array during the most recent
output cycle. Conventional devices of this type typically
provide Iframe-update rates of five or more frames per
second.

FIG. 9 shows the major functional blocks of a motion-
detection 1mage-processing sequence commonly employed
in a conventional motion-detection 1image-processing device
100. The motion-detection 1mage-processing device 100
comprises an SSIPD 101, an analog-to-digital (A/D) con-
verter 102 that converts the analog 1mage signal output by
the SSIPD 101 into a digital signal, a first-frame image
memory 103, a second-frame 1mage memory 104, and an
image-processing circuit 105 that detects motion by com-
paring the digital image data stored in the first-frame and
second-frame 1mage memories 103 and 104.

The motion-detection 1mage-processing device 100 pro-
cesses 1mage data 1n the following sequence. During a first
step, the analog 1mage signals output by the pixels of the
device during a first frame of 1mage output are converted
into corresponding digital signals (i.e., “digitized”)by the
A/D converter 102. The digital signals are stored in the
first-frame 1mage memory 103. Next, the i1mage signals
obtained during a second frame, immediately subsequent to
the first frame, are digitized by the A/D converter 102, and
stored 1n the second-frame image memory 104.

In the 1mage-processing circuit 105, the digital signal
stored 1n the first-frame 1mage memory 103 and the digital
signal stored in the second-frame 1mage memory 104 are
compared on a pixel-by-pixel basis to detect motion. For
example, all of the digitized pixel-output values stored 1n the
first image memory 103 may be subtracted from respective
digitized pixel-output values stored 1n the second-image
memory 104; if the difference between any two correspond-
ing pixel outputs exceeds a predetermined threshold, the
pixel-output difference data may be stored in the 1mage-
processing circuit 105. By comparing the frame 1images in
this manner, it 1s possible to detect motion of a subject
within the 1mage being exposed.

There are several problems with the foregoing conven-
tional approach to detecting motion using a SSIPD. The
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additional circuitry required for the first-frame and second-
frame 1mage memories 103, 104, and the 1mage-processing
circuit 105 increase the size of the device, making 1t more
costly to manufacture. Also, A/D conversion normally
causes a loss 1n signal quality. Because the pixels are
arranged 1n a tightly packed array, the A/D converters must
be located externally to the pixel array. The analog signals
output by the pixels are easily affected by peripheral noise
caused by high-frequency switching of thousands of MOS
switches that are 1n close proximity to electrical pathways
connecting each pixel output to the A/D converters. Thus, by
the time the pixel-output signals reach the A/D converters,
the signals typically no longer accurately retlect the respec-
tive signal values at the pixel outputs.

Moreover, In a conventional motion-detection 1mage-
processing device 100, the dynamic range (bandwidth) of
the 1mage signal from a given pixel 1s limited by the
respective A/D converter 102. Normally, the bandwidth of
an A/D converter 102 1s narrower than the bandwidth of the
SSIPD 101. Consequently, the entire bandwidth of the

SSIPD 101 cannot be effectively used for motion detection.

Conventional analog-to-digital processing 1s also subject
to phase-shift errors that adversely affect the accuracy of
motion detection. Each A/D converter 102 processes analog
signals on a sequential basis in which the outputs from the
pixels 1n a given horizontal row are processed before pro-
ceeding to the pixels 1n the next horizontal row. As a resullt,
if the A/D conversion circuitry 1s not properly synchronized
with the readout of the pixel outputs, the location of the data
for a particular pixel (or sets of adjacent pixels) may be
“shifted” in the first-frame or second-frame 1mage memo-
ries. For example, suppose that the digitized pixel-output
data for all of the pixels in the lower half of the pixel array
produced during a first frame is shifted (out of phase)
relative to the corresponding digitized pixel-output data
produced during a subsequent second frame. In such a case,
the difference of the output data produced between frames at
a given pixel location 1n the lower half of the pixel array can
no longer be accurately measured because the data corre-
sponding to a particular pixel location in the first-frame
image memory 1s shifted relative to the data of the particular
pixel 1in the second-frame 1mage memory. This phase shift
reduces the accuracy of the motion-detection device.

A potentfial solution to the foregoing problems, which has
been considered, 1s to store the 1mage signals 1n digital form
from the first and second frames 1n a memory, and route the
first-frame and second-frame i1mage signals for each pixel
from the memory through a comparator to measure the
difference between the frames on a pixel-by-pixel basis.
Such a scheme could be implemented by placing local
storage circuitry and a comparator i1n close proximity to each
pixel, or by including storage and comparator circuitry with
cach pixel. The problem with these schemes 1s that the
solid-state surface area required for each such pixel and its
assoclated memory and comparator circuitry 1s increased,
resulting 1n a corresponding decrease 1n resolution and/or
aperture ratio of the SSIPD. Another problem 1is that only a
motion-detection signal 1s produced without simultaneously
outputting an 1image signal.

In addition, frame-by-frame comparison techniques as
used 1n conventional motion-detection devices do not accu-
rately detect the motion of a rapidly-moving body.

SUMMARY OF THE INVENTION

In view of the foregoing shortcomings of conventional
devices, an object of the mvention 1s to provide motion-
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detection solid-state image-pickup devices (SSIPDs) that
provide an electronic shutter function without requiring
external image-comparison processing for motion detection.
Another object of the invention 1s to provide motion-
detection SSIPDs capable of simultancously outputting
motion-detection signals and 1mage signals. Yet another
object 1s to provide motion-detection SSIPDs that can output
a high-quality image signal from which “dark™ signals have
been removed. A further object 1s to provide motion-
detection SSIPDs that can evaluate the motion of a body
being 1maged.

The 1nvention 1s exemplified herein by several example
embodiments that accomplish the foregoing objects by pro-
viding 1image-processing and motion-detection circuitry that
simultaneously output an image signal and a motion-
detection signal. The motion-detection circuitry compares
the pixel outputs from a current frame and a previous frame,
to determine if any motion has occurred between the frames,
on a pixel-by-pixel basis. The 1mage-processing circuitry
subtracts “dark™ signals from the pixel-output signals so as
to output an 1mage signal from which the dark signals have
been removed.

According to one aspect of the mvention, SSIPDs with
motion-detection capability are provided that comprise mul-
tiple pixels arranged 1n an array of at least one column and
at least one row (typically an array of multiple rows and
columns). Each pixel produces an electrical output signal
according to a corresponding light quantity received by the
pixel.

According to a first representative embodiment, a respec-
five 1ndividual vertical-readout line 1s provided for each
column of pixels, wherein each pixel in the respective
column has a output that 1s connected to the respective
vertical-readout line. Each vertical-readout line has an out-
put terminus. A first vertical-scanning circuit controllably
switches the outputs of the pixels in each column to the
respective vertical-readout line according to a predeter-
mined readout sequence. The output termini of the vertical-
readout lines are connected to respective differential-
processing circuits (i.e., preferably one differential-
processing circuit per vertical-readout line).

Each differential-processing circuit receives pixel-output
signals and corresponding pixel dark signals carried by the
respective vertical-readout line, and provides an output
signal, from which the pixel dark signals have been
removed, at an output terminus of the respective differential-
processing circuit. A first horizontal-readout line 1s com-
monly connected to the output termini of the differential-
processing circuits. The output terminus of each vertical-
readout line 1s also connected to a respective body-motion-
detection circuit (i.e., preferably one body-motion-detection
circuit per respective vertical-readout line). The differential-
processing circuits store pixel dark signals delivered thereto
by the respective vertical-readout lines.

The body-motion-detection circuits receive pixel-output
signals obtained during a previous frame from the respective
vertical-readout lines and store the previous-frame pixel-
output signals. Subsequently, pixel-output signals produced
during the current frame are output to the respective vertical-
readout lines. A horizontal-scanning circuit provides control
signals to the differential-processing circuits so that the
current-frame pixel-output signals are received by the
differential-processing circuits, processed, and output to the
first horizontal-readout line 1n a horizontal-line-readout
sequence to form an 1mage signal.

Similarly, the horizontal-scanning circuit provides control
signals to the body-motion-detection circuits so that the
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4

current-frame pixel-output signals are recerved by the body-
motion-detection circuits, processed, and output to a second
horizontal-readout line 1n a horizontal-line-readout sequence
to form a motion-detection signal. The output signals of the
differential-processing circuits represent pixel-output sig-
nals with dark signals removed. The outputs of the body-
motion-detection circuits represent a motion-detection sig-
nal comprising the difference between the current-frame
pixel-output signal and the previous-frame pixel-output sig-
nal. The device 1s preferably driven such that the image
signal and the motion-detection signal are synchronized.

Each pixel of the first representative embodiment prefer-
ably comprises a respective MOS switch (or analogous
component) for discharging the respective photodiode of the
pixel and thus performing an “electronic shutter” function.
To such end, each such switch controllably discharges
residual charges in the respective photodiode in preparation
for outputting an 1image from a current frame.

According to a second representative embodiment, a
solid-state image-pickup device 1s provided that comprises a
set of differential-detection circuits in place of the body-
motion-detection circuits of the first representative embodi-
ment. The differential-detection circuits preferably comprise
multiple sample-and-hold circuits and a comparator circuit.
The sample-and-hold circuits preferably comprise first and
second sample-and-hold circuits that hold pixel-output sig-
nals from the current frame and from the previous frame.
The comparator circuit preferably comprises a pair of com-
parators that receive the pixel-output signals from the
sample-and-hold circuits and output a binary (digital) signal
based on whether the absolute value of the difference
between the pixel-output signals for the current frame and
the pixel-output signals for the previous frame exceed a
predetermined threshold value.

In an alternative confliguration the comparator circuit
comprises multiple inverters and a feedback loop. The
outputs of the differential-detection circuits are read 1in by a
horizontal-scanning circuit, preferably comprising a shaft
register. The horizontal-scanning circuit outputs the binary
signals 1n a horizontal-line-readout sequence to form a
single-bit digitized motion-detection signal. The device
simultaneously outputs synchronized motion-detection sig-
nal and 1mage signals.

Each of the pixels preferably comprises a respective
photodiode for performing photoelectric conversion of a
light quantity received by the pixel, a respective JFET
(junction-type field-effect transistor) for amplifying the
charge accumulated 1n the respective photodiode during the
current frame and for storing a pixel-output signal accumu-
lated during a previous frame. Each pixel also preferably
comprises a respective MOS switch (or analogous
component) for discharging the photodiode so as to perform
an electronic shutter function with respect to the pixel, a
respective MOS switch for shifting the charge accumulated
in the respective photodiode to the gate electrode of the
respective JEET, a respective MOS switch for discharging
the photodiode output charge of a previous frame that is
stored 1n the JFET, thereby performing a reset function, and
a respective MOS switch to connect the output of the JFET
to a respective vertical-readout line.

Each differential-processing circuit preferably comprises
a capacitor and a pair of MOS switches. One side of the
capacitor 1s tied to a respective vertical-readout line. The
other side of the capacitor 1s tied to a reference potential
through one of the MOS switches, and to a horizontal-
readout line through the other MOS switch.
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The foregoing and additional features and advantages of
the 1mnvention will be more readily apparent from the fol-
lowing detailed description, which proceeds with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an electrical circuit
configuration for a solid-state image-pickup device (SSIPD)
according to Example Embodiment 1 of the mvention.

FIG. 2 1s a plan view of a representative pixel in the
FIG.-1 embodiment.

FIG. 3(a) 1s an elevational section, along the line A—A', of
the pixel of FIG. 2.

FIG. 3(b) is an elevational section, along the line B-B', of
the pixel of FIG. 2.

FIG. 3(c) 1s an elevational section, along the line C—C', of
the pixel of FIG. 2.

FIG. 4 1s a representative pulse-timing chart for the
FIG.-1 embodiment.

FIG. § 1s a schematic diagram of an electrical circuit
configuration for a SSIPD according to Example Embodi-
ment 2 of the invention.

FIG. 6(a) 1s a detailed schematic diagram of the
difference-detection circuit 415 of the FIG.-5 embodiment.

FIG. 6(b) 1s a plot of the input-output characteristics of the
comparators 44a, 44b shown in FIG. 6(a).

FIG. 7 1s a representative pulse-timing chart for the
FIG.-5 embodiment.

FIG. 8 1s a detailed schematic diagram of an alternative
difference-detection circuit of the FIG.-§ embodiment.

FIG. 9 1s functional block diagram of a conventional
SSIPD with motion-detection capability.

DETAILED DESCRIPTION

This mnvention 1s described below 1in connection with
multiple example embodiments.

EXAMPLE EMBODIMENT 1

A schematic diagram showing the electrical circuit con-
figuration of a motion-detection solid-state 1mage pickup
device (SSIPD) according to this example embodiment is
shown 1n FIG. 1. Multiple pixels 11 are arranged in a
horizontal and vertical planar array comprising n rows and
m columns on a light-receiving surface of the SSIPD. For
simplicity, a representative 3x3 pixel configuration 1is
shown; an actual device according to this example embodi-
ment and Example Embodiment 2 typically comprises tens
of thousands of pixels. The output signals for all the pixels
in each column are commonly connected to a respective
vertical-readout line 12. A separate vertical-readout line 12
1s provided for each of the m columns of pixels.

A vertical-transfer circuit 15 provides timing signals to
the pixels 11 for controlling the vertical transfer of the
pixel-output signals for each row of pixels 11. The vertical-
transfer circuit 15 provides a set of four control pulses,
¢ TG1, pRSG1, p VAL, ¢RSP1 to each of the pixels 11 1n each
of the n rows of pixels 11, wherein 1 1s an 1nteger denoting
a respective row number. For example, the vertical-transfer
circuit 15 provides the control pulses ¢TG1, pRSG1, p VAL,
®RSP1 to each of the pixels 11 1n the first row; provides the
control pulses ¢TG22, PRSG2, pVA2, pRSP2 to each of the
pixels 11 1n the second row; and provides the control pulses
¢ TGn, pRSGn, VAN, pRSPn to each of the pixels 11 1n the
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6

large, there may be problems with control-pulse propagation
delays and/or a loss in signal quality. In such 1nstances, 1t 1s
desirable to provide a pair of vertical-transfer circuits 15
individually placed on opposite sides of the pixel array, as
shown 1n FIG. 1. When dual vertical-transfer circuits 15 are
used, they are preferably synchronized relative to each other
so that they simultaneously output 1dentical control pulses.

Each of the m vertical-readout lines 12 1s connected to a
respective current source 20, a respective differential-
processing circuit 21la, and a respective body-motion-
detection circuit 21b. The current sources 20 provide a bias
current to the respective vertical-readout lines 12.

A control pulse ¢N 1s commonly connected to the sam-
pling control terminals of each of the m differential-
processing circuits 21a. The control pulse ¢N may be

supplied by the vertical-transfer circuit 15, or by another
appropriate circuit (not shown) that can be a part of the
device. The output signals from the m differential-
processing circuits 21a, which are used to form an 1mage
signal, are commonly connected to a horizontal-readout line
16a. The image signal conducted by the horizontal-readout
line 164 1s output through a suitable video amplifier circuit
or the like.

Similarly, a control pulse ¢M 1s commonly connected to
the sampling control terminals of each of the m body-
motion-detection circuits 21b. The control pulse ¢M may be
supplied by the vertical-transfer circuit 15, or by another
appropriate circuit (not shown) that can be a part of the
device. The output signals from the m body-motion-
detection circuits 215, which are used to form a motion-
detection signal, are commonly connected to a horizontal-
readout line 165. The motion-detection signal conducted by
the horizontal-readout line 16b 1s output through a suitable
video amplifier circuit or the like.

A horizontal-transfer circuit 18 1s used to provide timing
signals to the differential-processing circuits 21a and to the
body-motion-detection circuits 21b5. The horizontal-transfer
circuit 18 provides a control pulse ¢H1 that 1s connected to
both the differential-processing circuit 21a 1 the first col-
umn and a horizontal-control terminal of the body-motion-
detection circuit 215 1n the first column. Similarly, control
pulses ¢H2 through ¢Hm are individually connected to
respective differential-processing circuits 21a and respective
horizontal-control terminals of respective body-motion-
detection circuits 21b.

MOS reset switches 19a and 195 are connected to the
respective horizontal-readout lines 16a and 16b. A reset-use
control pulse ¢RH 1s supplied to the respective gates of these
MOS reset switches 19a and 19b. The reset-use pulse pRH
may be output from the horizontal-transter circuit 18, or
from another appropriate circuit (not shown). Furthermore,
although not shown 1 FIG. 1, MOS reset switches may be
connected to the vertical-readout lines 12 to shunt any
charge on the vertical-readout lines 12 to ground whenever
the MOS reset switches are closed.

A detailed schematic of the specific circuit configuration
of a representative pixel 11 (located at row 1, column 1) is
shown 1n FIG. 1. The pixel 11 comprises a buried photo-
diode 1. The cathode of the photodiode 1 1s connected to a
positive power supply Vd. The anode of the buried photo-
diode 1 is connected to the gate of a JFET (unction-type
field-effect transistor) 2 via a charge-transfer MOS switch 3.
The control pulse ¢TG1 output from the vertical-transfer
circuit 15 1s supplied to the gate of the charge-transter MOS
switch 3.

The gate of the JFET 2 1s connected to a metal conductor
7a via a signal-charge-reset MOS switch 4. The conductor
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7a 1s maintained at a uniform reset electrical potential. The
control pulse §RSG1, output from the vertical-transfer cir-
cuit 15, 1s supplied to the MOS switch 4. Furthermore, a
charge-elimination MOS switch § 1s situated between the
anode of the photodiode 1 and the conductor 7a, so that the
anode of the photodiode 1 can be reset to a uniform reset
clectrical potential, bypassing the MOS switches 3, 4. The
control pulse pRSP1, output from the vertical-transfer cir-
cuit 15, 1s supplied to the gate of the MOS switch 5.

The source of the JFET 2 1s connected to the vertical-
readout line 12 via a vertical-transter MOS switch 6. The
control pulse $ VA1, output from the vertical-transfer circuit
15, 1s supplied to the gate of the MOS switch 6. The drain
of the JFET 2 i1s connected to Vd.

While only the detailed circuit configuration of the pixel
11 1n the first column and first row 1s described above, 1t will
be appreciated that each of the other pixels 11 1n the planar
array has a similar circuit configuration, with the only
differences being the particular control pulses ¢ TG1, pRSG1,
¢ VA1, pRSP1 recerved by each pixel, wherein 1 denotes the
particular horizontal row number of the pixel.

FIG. 1 also shows the circuit configuration of the
differential-processing circuit 21a, that 1s connected to the
vertical-readout line 12 1n the first column, preferably just
above the pixel 11 1n the first row and first column. One end
of a capacitor 224 1s connected to the vertical-readout line 12
in the first column. The capacitor 22a holds the dark-signal
output from the pixels 11 1n the first column. A MOS switch
23a and a horizontal-transter MOS switch 244 are connected
to the other end of the capacitor 22a. The MOS switch 23a
connects the capacitor 22a to a uniform electrical potential,
such as ground, whenever the MOS switch 23a 1s closed.
The opposite side of the MOS switch 244 1s connected to the
horizontal-readout line 16a. A control pulse ¢N 1s supplied
as a control mput to the MOS switch 23a4. Similarly, a
control pulse ¢HI, output from the horizontal transfer circuit
18, 1s supplied as a control input to the MOS switch 24a.

It will be appreciated that the other differential-processing,
circuits 21a connected to respective 2*°—n" vertical-readout
lines 12 have circuit configurations that are similar to the
circuit configuration of the differential-processing circuit
21a described above. The only difference 1s the particular
control pulse ¢Hi received by each differential-processing
circuit. For instance, the control pulse for the differential-
processing circuit 21a 1n the second column 1s denoted ¢pH2.

Next, the circuit configuration of the body-motion-
detection circuit 215 connected to the vertical-readout line
12 1n the first column will be described. One end of a
capacitor 22b 1s connected to the vertical-readout line 12 1n
the first column. The capacitor 225 holds the electrical signal
produced by the pixels 1n the first column during the 1mage
frame just prior to the current image frame, hereinafter
referred to as the “previous frame.” A MOS switch 23b and
a horizontal-transter MOS switch 24b are connected to the
other end of the capacitor 22b. The opposite side of the MOS
switch 23b 1s tied to a uniform electrical potential, such as
oround. The opposite side of the horizontal-transfer MOS
switch 24b is connected to the horizontal-readout line 165b.
A control pulse ¢M 1s supplied to the MOS switch 23b. A
control pulse ¢HI output from the horizontal-transier circuit
18 1s connected to the horizontal-transter MOS switch 24b.

It will be appreciated that the other body-motion-
detection circuits 215 connected to the 2"?—n™ vertical-
readout lines 12 have circuit configurations that are similar
to the body-motion-detection circuit 215 described above;
the only difference 1s the particular control pulse ¢Hi
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received by each body-motion-detection circuit. For
instance, the control pulse for the body-motion-detection
circuit 215 1n the second column 1s ¢H2.

The Semiconductor Structure of the Pixels

The semiconductor structure of the pixels 11 1s described
below, with reference to FIG. 2 and FIGS. 3(a)-3(c). FIG.
2 1s a plan view of the semiconductor structure of the pixels
11. FIG. 3(a) is an elevational section along the line A—A' of
FIG. 2, FIG. 3(b) is an elevational section along the line
B-B' of FIG. 2, and FIG. 3(¢) is an elevational section along
the line C—C' of FIG. 2.

As shown in FIG. 3(b), the pixel 11 1s formed in an n-type
region Jlthat 1s formed on the main surface side of a
substrate 30. A p-type storage region 35 1s formed near the
surface of the substrate 30, 1in the center of the n-type region
31. A thin n-type region 36, which prevents depletion of the
oxide film interface, 1s located on the upper surface of the
p-type storage region 35. The buried photodiode 1 1s formed
by the pn junction formed around the p-type storage region
35.

The gate region 2G of the JFET 2 1s positioned adjacent
the p-type storage region 35, separated by a gate region 3G
of the charge-transter MOS switch 3. The n-type region
corridor that connects the JFET 2 source 2S and drain 2D 1s
situated inside this gate region 2G. A polysilicon (or other
suitable material) wiring layer, to which control pulses
¢ TG1 are applied, passes directly above the gate region 3G
of the MOS switch 3, and 1s separated from the gate region
3G by an oxide film.

As shown in FIG. 3(a), the drain 2D of the JFET 2 is in
direct contact with the n-type region 31 and 1s maintained at
a specific electrical potential. The source 2S of the JFET 2
is connected to one of the main electrodes (here the p-type
region) of the vertical-transfer MOS switch 6 via a wiring
conductor 32. A polysilicon (or other suitable material)
conductive layer, to which control pulses ¢ VAL are applied,
passes directly above the gate region 6G of the MOS switch
6, and 1s separated from the gate region 6G by an oxide film.
The other main electrode of the MOS switch 6 (here the
p-type region) 1s connected to the wiring conductor that
forms the vertical-readout line 412. An elimination-use drain
(dumping) element 7 is situated adjacent the gate region 2G
of the JFET 2 via the gate region 4G of the MOS switch 4.
A polysilicon (or other suitable material) wiring layer, to
which control pulses ¢RSG1 are applied, passes directly
above the gate region 4G of the MOS switch 4 and 1s
separated from the gate region by an oxide film.

As shown in FIG. 3(c¢), the gate region 5G of the MOS
switch § 1s situated between the elimination-use drain ele-
ment 7 and the p-type storage region 35. A polysilicon (or
other suitable material) wiring layer, to which control pulses
®RSP1 are applied, passes directly above the gate region SG
of the MOS switch 5 and 1s separated from the gate region
by an oxide film.

In this way, the elimination-use drain element 7 forms a
common drain for the MOS switch 4 and the MOS switch §.
The elimination-use drain element 7 maintains a uniform
reset potential through the metal conductor 7a. Furthermore,
as shown in FIGS. 3(a)-3(c), the metal conductor 7a also
serves as a light-shielding film and 1s shaped to cover all
regions except for the light-sensing element of the photo-
diode 1. (The metal conductor 7a is not shown in FIG. 2 for
clarity with respect to other details).

Operation of Example Embodiment 1

FIG. 4 1s a timing chart showing the pulse timing of
Example Embodiment 1. FIG. 4 shows the pixel column
readout beginning with the i”* horizontal row.
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During a first period T1, the control pulse ¢RSP1 1s
switched to a low logic level (“low”). When ¢RSPi1 is
switched low, the MOS switches 5 of the pixels 11 in the i”
row are closed, connecting the photodiodes 1 to the metal
conductor 7a, which 1s maintained at a uniform reset poten-
tial. As a result, the residual charges stored 1n the photo-
diodes 1 of the pixels in the i row are discharged into the
metal conductor 7a, thereby resetting the photodiodes 1 1n
preparation for outputting the 1mage from the current frame.
Thus, the MOS switches perform an “electronic shutter”
function.

Toward the end of timing period T1, the control pulse
®RSP1i is returned to a high logic level (“high™), whereby the
MOS switches 5 are opened. This permits the pixels 11 of
the i”* horizontal row to begin storing a signal charge that is
a measure of the light being sensed by the photodiode 1.

Next, at the start of the period T2, the control pulse ¢ VA1
1s switched to low as the control pulse ¢M 1s simultaneously
switched to high. This initiates the verticaltransfer sequence
of the i row. Switching the control pulse ¢ VA1 to low closes
the MOS switches 6 of the i”” row of pixels 11. At this time,
the charge stored during readout of the preceding frame
remains in the gate region 2G of the JFET 2. As a result, the
signal charges accumulated in the pixels 11 in the i”* row
during the previous frame are output to the vertical-readout
line 12 by source-follower action of the JFET 2. At the same
moment, the MOS switch 23b 1n the body-motion-detection
circuit 21b 1s closed by the pulse ¢M, thereby forming a
charging path through the capacitor 22b. As a result, the
signal charges from the previous frame of pixels 11 in the i”*
row charge the capacitors 22b 1n the body-motion-detection
circuits 21b. At about the end of the period T2, the control
pulse ¢M 1s switched back to low, causing one end of the
capacitors 22b to return to a floating state. This results in the
accumulated charge being held 1n the capacitor 22b.

The control pulse ¢RSG1 1s next switched to low 1n the
period T3, which closes the MOS switches 4 1n the pixels 11
of the i”* row. This results in dumping the signal charge
stored 1n the gate region 2G of the JFET 2 into the metal
conductor 7a. This signal charge represents the output of the
photodiode 1 during the previous frame. As a result, the gate
region 2G 1s reinitialized to a reset voltage through the metal
conductor 7a. Then, since the MOS switch 6 1s still closed
(because the control pulse VAi is still low), the voltage
variations (“dark signals”)generated between the gate
sources of the JFETs 2 in the i”* row are output to the
vertical-readout lines 12.

MOS switches 23a 1n the differential-processing circuit
21a. As a result, a charging path passing through the
capacitors 22a 1s formed and the dark signals of the pixels
in the i”* row are charged into the capacitors 224 inside the
differential-processing circuits 21a. The control pulse ¢N 1is
switched back to low just prior to the end of the period T4,
thereby opening the MOS switches 23a so as to cause one
end of the capacitors 22a to re-enter a floating state. As a
result, the dark signals of the pixels in the i”* row are

preserved as corresponding voltages across the capacitors
22a.

During the period T35, the control pulse ¢ TG1 1s switched
to low, thereby closing the MOS switches 3 1n the pixels 11
of the i”* row. As a result, the signal charges of the current
frame, which are stored 1n the photodiodes 1, are transferred
to the gate regions 2G of the JFETs 2 of the pixels 11 in the
i row. Since the control pulse ¢$VAIi is still low (thereby
maintaining a conductive path across the MOS switch 6), the
output signals of the pixels 11 in the i row obtained during

the current frame are output onto the vertical-readout lines
12.
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During the period 16, the control pulses pH1-¢pHm of the
horizontal-transfer circuit 18 are sequentially switched to
high, and then reset back to low. The timing of this sequen-
tial switching 1s set so that a first control pulse ¢H 1s
switched from low to high and back to low again, followed
by a reset period. This 1s followed by a second control pulse
¢H being switched from low to high and back to low again,
followed by a second reset period, etc., as shown in the
lower portion of FIG. 4. The control pulses pH1-¢Hm are
connected to the respective gates of the MOS switches 244,
24b; when the control pulses go high these MOS switches
are closed. As each of the MOS switches 24b 1n columns
1-m 1s sequentially closed, one side of the respective
capacitors 22b 1s sequentially connected to the horizontal-
readout line 16b.

When pixel outputs from the current frame are transferred
to the vertical-readout lines 12 during the period T35, the
voltages that appear at the right-hand terminals of the
capacitors 22b are equal to the respective pixel-output

signals for the row that is presently being processed (i.e.,
row 1). Since both $M and ¢N are low at this point, both
MOS switches 23b, 24b are open; this causes the left sides
of the capacitors 22b to assume a floating state. Thus, a
change 1n voltage on the vertical-readout lines 12 does not
affect the potentials across the plates of the capacitors 22b.
Upon the closing of each respective MOS switch 24b (by
¢Hi1 going high), the left sides of the capacitors 22b are no
longer floating, but rather are connected 1n sequence to the
horizontal-readout line 16b. At the output end of the readout
line 16b 1s an amplification circuit that provides a high input
impedance.

The impedance of a capacitor approaches zero at very
high frequencies. A capacitor cannot react instantancously to
a voltage change across its inputs. Therefore, when a capaci-
tor having a potential across its plates 1s connected 1n series
with a different voltage potential across its terminals, the
instantaneous voltage passing through the capacitor is the
difference between the potentials. Thus, when the MOS
switches 24b are closed 1n response to the respective ¢Hi
signals output by the horizontal-transfer circuit 18, the
signal passing through the capacitors 225 onto the
horizontal-readout line 165 1s equal to the difference
between the voltage stored across the capacitor plates (the
output signal from the previous frame) and the voltage on
the respective vertical-readout line 12 (the output signal
from the current frame). This differential signal is read out
on the horizontal-readout line 165 as a motion-detection
signal.

Similarly, during this same period of time, the voltage
potentials across the capacitors 22a (representing the stored
dark signals) reduce the signal voltages output by the pixels
11 in the i”” row during the current frame. Consequently, the
signal voltages sequentially read out on the horizontal-
readout line 16a represent the pixel outputs, with the dark
signals removed, of the current frame.

During the reset-timing period, ¢RH 1s momentarily
switched to high. When ¢RH 1s switched to high, the gates
of the MOS reset switches 194 and 195 are energized,
thereby connecting both horizontal-readout lines 16a and
16b to a reference potential, such as ground. This causes
residual charges on the horizontal-readout lines 16a and 165
to be dumped to the reference potential, thereby preparing
the horizontal-readout lines for transfer of the output signal
of the next pixel 11. Thus, there 1s no mixing of residual
charges with the horizontally transferred motion-detection
signals and i1mage signals. By this process, it may be
possible to perform zero”-hold sequences by using a video-
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amplification circuit connected to the horizontal-readout
lines 16a and 16b.

A single frame of the motion-detection signal and the
image signal can be output by repeating the above-described
serics of timing steps while scanning the row of pixels 11
being read out from the first row through the n”* row. These
signals can then be processed externally for display or other
PUIPOSES.

Further explanation regarding the exposure period Tex 1s
presented below. Toward the end of the period T6, just
before the pixels 11 in the (i+1)” row are to be read out, the
control pulse ¢RSPi+r 1s switched to low. This causes
residual charges stored 1n the photodiodes 1 of the pixels 11
in the (i+r)” row to be discharged. These photodiodes store
the signal charge from the moment of this discharge until the
beginning of readout of the (i+r)” row. Therefore, the
exposure time (Tex) of Example Embodiment 1 is nearly
equal to the time required to read out r—1 rows of pixels. The
control pulses RSP1-pRSPn are output from the vertical-
transfer circuit 15 so that the exposure time Tex 1s uniform
for all pixels 11.

In this example embodiment, the body-motion-detection
circuit 215 measures the difference between the electrical
charge output by the pixels 11 during a first frame (i.e., the
previous frame), and the electrical charge output by the
pixels during the immediately subsequent frame (i.e., the
current frame). This measurement is repeated for each
additional subsequent frame so that the motion-detection
signals are continuously read out on the horizontal-readout
line 16b. Thus, this example embodiment requires no A/D
converters, 1mage memory, 1mage-processing circuits, or
other peripheral circuits external to the SSIPD 1n order to
perform motion detection. As a result, this example embodi-
ment provides a SSIPD that 1s smaller and lower 1n cost
compared to conventional devices.

Since this example embodiment does not require an A/D
converter, the full signal bandwidth of the SSIPD 1s avail-
able for performing motion detection. Furthermore, since a
comparator 1s not required for each pixel, the semiconductor
surface area required to produce each pixel 1s smaller than
the area that would be required if a comparator circuit at
cach pixel were required. Thus, this example embodiment
provides a device with improved aperture ratio and resolu-
fion compared to the prior art.

Another benefit provided by this example embodiment 1s
that the electrical signals of the current and preceding frames
are compared without any 1mage-position phase shift. This
avolds the phase-shift problem exhibited by certain conven-
tional devices and results in 1improved motion detection.

This example embodiment also facilitates the use of a
reliable electronic shutter function that does not adversely
affect motion detection. During the period in which the
charge-transter MOS switch 3 1s open, the residual charge 1n
the photodiode 1 1s discharged immediately through the
charge-elimination MOS switch 5. This resets the output
signal of the photodiode 1, and, since this period 1s part of
the timing cycle, creates a predetermined exposure time for
cach pixel. Furthermore, this reset operation has no effect on
motion detection.

Conventional devices, 1n contrast, do not have a resetting
function capable of resetting residual charges in the photo-
diodes without destroying the stored charges corresponding
to the previous frame. Consequently, conventional devices
cannot control the speed of an electronic shutter function for
the current frame. Further with respect to conventional
devices, 1t 1s especially difficult to accurately detect the
position of a moving body based on differences between
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sequential frames 1n cases where the motion of the body 1s
rapid. In such 1nstances, the 1mage 1s observed to “slip” past
due to the rapid movement of the body. The use of an
clectronic shutter can minimize such image “slip” and
thereby produce a more accurate motion-detection signal.

This example embodiment provides a simultaneous out-
put of both the motion-detection signal and the 1mage signal.
Processing of each of these signals 1s independent of other
signal processing. Simultaneous output of these two types of
signals 1s well suited to applications where motion detection
is necessary while observing (recording) images, as is done
with monitoring devices.

This example embodiment also produces an output signal
from which the dark signals are removed. By use of the
differential-processing circuit 21a, the dark signals of the
pixel outputs can be subtracted out, yielding a high-quality
image signal.

EXAMPLE EMBODIMENT 2

A schematic diagram showing the electrical circuit con-
figuration of a SSIPD exhibiting motion detection according
to this example embodiment 1s shown 1n FIG. 5. In FIG. §,
the pixels 11 are arranged 1 a horizontal and vertical planar
array comprising n rows by m columns on the light-
receiving surface of a SSIPD 40. The output signals of the
pixels 11 1n each column are connected to respective
vertical-readout lines 12.

Most of the circuit shown 1n FIG. § 1s similar to tie circuit
configuration for Example Embodiment 1 discussed above
and shown 1n FIG. 1. The components that are similar 1n
both FIGS. 1 and § have the same reference numerals,
including the pixels 11, the vertical-readout lines 12, the
vertical-transfer circuit 15, the current source 20, the
differential-processing circuit 21a, the horizontal-transfer
circuit 18, and the horizontal-readout line 16a. The configu-
ration of each pixel 11 is similar to that discussed above in
Example Embodiment 1. Likewise, the configuration of the
differential-processing circuit 21a 1s similar to the

differential-processing circuit 21a described in Example
Embodiment 1.

As 1n Example Embodiment 1, the vertical-transfer circuit
15 1s used for controlling the vertical-transfer timing of the
output signals from the pixels 11. The four control pulses,
¢ TG1, pRSGII, VAL, ¢RSP1, are supplied to the pixels in
the first row by the vertical-transfer circuit 15. Similarly, the
vertical-transfer circuit 15 provides the control pulses,
¢ TG2—n, pRSG2—n, pVA2-—n, pRSP2—n, for the pixels 11 in
the 2" through n” rows. A pair of synchronized vertical-
transier circuits 15 1s preferably used whenever the number
of pixels 1n each of the rows 1s large, as discussed above in
Example Embodiment 1.

The electrical current source 20 (that supplies a bias
current), the differential-processing circuit 21a, a difference-
detection circuit 415, and the reset MOS switch 20a are each
connected to a respective vertical-readout line 12.

The control pulses ¢N are supplied 1n common to the
sampling-control terminals of the m differential-processing
circuits 21a. The control pulses N may be supplied by the
vertical-transfer circuit 15 or by a separate control circuit
(not shown). The output terminals of the m differential-
processing circults 21a are commonly connected to form the
image-signal horizontal-readout line 16a. The 1mage signals
output to the horizontal-readout line 16a are output to an
external circuit of the motion-detection SSIPD 40 via an
internal video-amplifier circuit and/or other circuits (not
shown).
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The MOS reset switch 194 1s connected to the horizontal-
readout line 16a. The reset-use control pulse ¢RH 1s sup-
plied to the gate of the MOS reset switch 194, thereby
controlling the opening and closing of the MOS reset switch
19a. The control pulse ¢RH may be supplied by the
horizontal-transfer circuit 18 or by a separate circuit (not
shown).

The horizontal-transfer circuit 18 provides timing signals
to the differential-processing circuits 21a. The control pulse
¢H1 1s supplied by the horizontal-transfer circuit to the
horizontal-control terminals of the differential-processing
circuit 21a in the first column. Similarly, the control pulses
¢H2—-KHm are supplied by the horizontal-transfer circuit 18
to each of the remaining differential-processing circuits 21a
in the second through m” columns.

The control pulses ¢SA, ¢SB are supphed to the
sampling-control terminals of the m difference-detection
circuits 41b. The control pulses ¢SA, ¢SB may be provided
by the vertical-transfer circuit 15 or by a separate circuit (not
shown).

The output terminals Q of the m difference-detection
circuits 415 are connected to the parallel inputs of a shaft
register 48. In order to determine the parallel data read-in
timing, the control pulses ¢LLD and the transfer clock ¢CK
are input into the shift register 48. These pulses (¢LLD and
¢CK) may be supplied by the horizontal-transfer circuit 18
or by a separate circuit. The serial output of the shift register
48 1s output to an exterior module of the motion-detection
SSIPD 40 as a motion-detection signal.

Circuit Configuration of the Difference-Detection Circuit

Next, the specific circuit configuration of the difference-
detection circuit 415 connected to the vertical-readout line
12 1n the first column will be explained, with reference to
FIG. 6(a).

As shown in FIG. 6(a), one of the terminals of each of two
MOS switches 42a, 42b 1s connected to the vertical-readout
line 12 of the first column. The other terminal of the MOS
switch 42a 1s connected to a voltage-maintenance capacitor
434, to the positive-side input of a first comparator 44a, and
to the negative-side 1nput of a second comparator 44b. The
other terminal of the MOS switch 42b 1s connected to a
voltage-maintenance capacitor 43b, to the negative-side
input of the first comparator 44a, and to the positive-side
input of the second comparator 44b. Each of the outputs of
the comparators 44a, 44b 1s 1nput 1nto an OR gate 45. The
output of the OR gate 45 1s supplied to a parallel input Q1
of the shift register 48.

Operation of Example Embodiment 2

FIG. 7 1s a timing chart showing the drive timing for
Example Embodiment 2. FIG. 7 shows the timing of control
signals during readout of the i”* row of pixels, and during
readout of rows subsequent to the i* row.

During a timing period 11, the control pulse ¢RSP1 1s
switched to low. This closes the MOS switches § 1n the
pixels 11 of the i”* row, thereby discharging the residual
charge stored 1n the photodiode 1 and performing an “elec-
tronic shutter” operation. Just before the end of the period
11, the control pulse pRSP1 returns to high. As a result, the
MOS switches 5 are returned to an open state 1n which the
pixels 11 of the i”* row begin to store the signal charges
output by the photodiodes 1.

During a timing period T2, the control pulse ¢pVAI1 1s
switched to low. This closes the MOS switches 6, thereby
connecting the JFETs 2 to the vertical-readout lines 12.
Simultaneously, the control pulse ¢SA 1s momentarily
stepped to high, which closes the MOS switches 42a 1n the
difference-detection circuits 415 and creates a charging path
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between the vertical-readout lines 12 and the capacitors 43a.
As a result, the output signals of the pixels 11 in the i’ row,
corresponding to the preceding frame, charge the capacitors
43a. Just before the end of the period T2, the control pulse
®SA 15 returned to low, thereby opening the MOS switches
42a and disconnecting the capacitors 43a from the vertical-
readout lines 12. Thus, the output signals from the
preceding-frame pixel 11 are stored in the capacitors 43a,
thereby achieving a sample-and-hold function.

At the start of a timing period T3, the control pulse pRSG1
1s switched to low. This closes the MOS switches 4 in the
pixels 11 of the i row and results in a discharge of the signal
charges (of the previous frame) that were held in the gate
region 2G of the JFETs 2. As a result, the gate region 2G 1s
initialized via the metal conductor 7a to its reset voltage.
Meanwhile, the control pulse VA1 remains low which keeps
the MOS switches 6 closed. This results 1n the dark signals
(voltage variations generated between the gates and sources
in the JFETs 2) from the pixels 11 in the i row being output
to the vertical-readout lines 12.

The control pulse ¢N 1s switched to high at the start of the
timing period T4. This closes the MOS switches 23a 1n the
differential-processing circuits 21a and forms charging paths
between the vertical-readout lines 12 and the capacitors 22a.
As a result, the dark signals that were output to the vertical-
readout lines near the end of the period T3 charge the
capacitors 22a 1n the differential-processing circuits 21a.
Just betfore the end of the period T4, the control pulse ¢N
returns to low, which opens the MOS switches 234, and
causes one end of the capacitors 22a to return to a floating
state. As a result, the dark signals of the pixels 11 in the i
row are held in the capacitors 22a.

The control pulse ¢TG1 1s switched to low at the start of
the timing period T35. This closes the MOS switches 3 of the
pixels 11 in the i”* row, which permits the signal charge of
the current frame stored in the photodiodes 1 to be trans-
ferred to the gate region 2G of the JFETs 2. Concurrently, the
control pulse ¢VA1 1s held low, thereby maintaining a
conductive path across the MOS switches 6. This allows the
current-frame output signals of the pixels 11 in the i”* row to
pass to the vertical-readout lines 12.

The control pulse ¢SB 1s switched to high at the start of
the timing period T6. This results 1 closing of the MOS
switches 425 1n the difference-detection circuits 41b, which
creates a charging path that passes through the vertical-
readout line 12 and 1nto the capacitor 43b. The charging path
allows the output signals of the pixels 11 in the i row,
corresponding to the current frame, to charge the capacitors
43b. This results 1 application of voltage potentials across
the plates of the capacitors 43b. Just before the end of the
period T6, the control pulse ¢SB returns to low, which
disconnects the capacitors 43 from the vertical-readout lines
12. Thus, the current-frame output signals from the pixels 11
are stored 1 the capacitors 43b, thereby completing a
sample-and-hold function.

The 1nput-output characteristics of the comparators 444,
44b are shown in FIG. 6(b). The ordinate (x-axis) represents
the absolute value of the difference of the voltage at the plus
input and the voltage at the minus input, 1.€., the absolute
value of the voltage differential across the capacitors 43a,
43b. It this absolute value of the voltage-input differential
remains below a set threshold value of AV, then the outputs
of the comparators are low. If the voltage-input differential
exceeds the threshold value AV, then the output of the
comparators goes high. The outputs from the comparators
44a, 44b serve as mputs for the OR gate 45. Hence, the
output of the OR gate 45 1s low 1f the comparators 44a, 44b
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output an absolute value of the voltage-input differential of
less than the threshold value AV. If either of the comparators
44a, 44b determines that the absolute value of the voltage
differential exceeds the threshold value AV, then the output
of the OR gate 45 will be high. Thus, the output signals for
the current frame and for the previous frame are compared
for each pixel 11; if the difference between the signals
exceeds the threshold value AV, then the motion-detection
output Q1 will be high.

At about the middle of the period T6, the control pulse
¢LD of the shift register 48 1s switched to high, which causes
cach of the outputs Q1 of the OR gates 45 to be read 1nto a
respective parallel input of the shift register 48.

During the timing period T7, the control pulses gH1—-¢pHm
of the horizontal-transfer circuit 18 are sequentially
switched to high and then reset back to low. The timing of
such sequential switching 1s set so that a first control pulse
¢H 1s switched from low to high and back to low again,
followed by a reset-timing period, followed by a second
control pulse ¢H being switched from low to high and back
to low again, followed by a second reset-timing period, etc.,
as shown 1n the lower portion of FIG. 7. The control pulses
¢H1-¢Hm are connected to the gates of respective MOS
switches 24a, causing these MOS switches to close when the
control pulses go high. As each of the MOS switches 244 1n
columns 1-m 1s sequentially closed, conductive paths are
formed that connect the vertical-readout lines 12 to the
horizontal-readout line 164 through the capacitors 22a. In a
manner similar to that described above for Example
Embodiment 1, the voltages that pass through the capacitors
22a and onto the horizontal-readout line 16a are equal to the
voltages on the vertical-readout lines 12 (the pixel outputs
for the current frame) minus the voltage potentials across the
plates of the capacitors 22a (the previously stored dark-
signal outputs of the pixels). Thus, the resulting signal read
out on the horizontal-readout line 16a as the control pulses
¢H1-¢Hm are sequentially switched to high 1s the output
signals for the pixels 11 in the i”* row minus their associated
dark signals.

During the reset period, pRH 1s momentarily switched to
high so as to energize the gates of the MOS switches 194,
thereby connecting the horizontal-readout line 16a to
oround. This causes residual charges on the horizontal-
readout line 164 to be dumped to ground, thereby preparing
the readout lines for transfer of output signals from the next
pixel 11. Thus, there 1s no mixing of the residual charges
with the horizontally transferred image signals.

A ftransfer-clock signal ¢CK 1s switched synchronously
with the switching of each of the control pulses ¢HI1—-¢pHm,
as shown 1n the lower portion of FIG. 7. Hence, the
transter-clock signal ¢CK clocks the output VO of the shift
register 48. As a result, each of the motion-detection “deci-
sions” made by the difference-detection circuit 41b and
stored 1n the shift register 48 during the period 16 1s output
horizontally as a sequence of binary (digitized) motion-
detection signals.

A single frame of the motion-detection signal and the
image signal can be stmultaneously output by repeating the
above-described series of steps while scanning the row of
pixels 11 being read out from the first row through the n™
row. These signals can then be processed externally for
display or other purposes.

The output signals produced by Example Embodiment 2
arec similar to the output signals produced by Example
Embodiment 1, except that the motion-detection signal in
Example Embodiment 1 1s a voltage differential between
frames on a pixel-by-pixel basis, while the motion-detection
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signal in Example Embodiment 2 is a binary (digital) stream
of motion-detection measurements made on a pixel-by-pixel
basis.

One notable effect of Example Embodiment 2 1s that the
difference-detection circuit 41b determines for each pixel
whether or not the output signals of the preceding frame and
the current frame are equivalent within an allowable range
(here the threshold value AV). The difference-detection
circuit then outputs the results of such determinations as a
1-bit digitized motion-detection signal. Since the output
signal 1s already 1 digitized format, no external post-
processing circultry 1s required for motion-detection pur-
poses. By incorporating use of the shift register 48 for
horizontally transferring the difference-detection circuits
41b outputs, higher speeds can be achieved at lower noise
levels, compared to circuitry that outputs analog motion-
detection signals.

There are several component substitutions that can be
made to the circuitry of the Example Embodiments 1 and 2.
For example, the JFET 2 1s used for both amplification and
storage of a signal charge (the signal charge is stored in the
gate region 2G of the JFET 2). This amplification and
storage function could also be achieved by using separate
amplification and storage devices. For instance, a MOS
transistor or bipolar transistor could be substituted to serve
the amplification function. The signal charge can be main-
tained as a parasitic capacitance generated 1n the gates or
bases of the substitute amplification devices, or a supple-
mentary capacitor can be added to the transistors to maintain
the signal charge.

Substitutions can also be made with respect to the
vertical-transfer MOS switch 6. In Example Embodiments 1
and 2, the vertical-transter MOS switches 6 are used for
connecting the stored signal charges to the vertical-readout
lines. A capacitor can be added to store the signal charge that
1s present 1n the gates or bases of the amplification devices,
whereupon the connection between the amplification device
and the vertical-readout line can be opened and closed by
raising or lowering the voltage on the side of the capacitor
that 1s not connected to the gate or base.

In Example Embodiments 1 and 2, the signal charge
cgenerated 1in the photodiode i1s transferred directly into the
control region of the amplification device (i.e., the JFET 2);
however, the invention 1s not limited to such a scheme. For
instance, after transferring and maintaining the signal charge
in the diffusion region of the amplification device, the
clectrical potential of that diffusion region can be detected 1n
the gate of a MOS ftransistor through the signal line. An
example of such a pixel configuration 1s contained in
Fossum, “Active Pixel Sensors: Are CCD’s Dinosaurs?,”
Proceedings of SPIE: Charge-Coupled Device and Solid
State Optical Sensors I, Vol. 1900, pp. 2—-14 (1993).

In both example embodiments a two-dimensional pixel
array 1s described. The 1nvention can also be applied to a
one-dimensional pixel array.

Another modification 1s shown near the bottom of FIG. 5.
According to the modification, MOS switches 20a are
provided for each respective vertical-readout line 12. The
cgates of the MOS switches 20a are connected to a control
pulse §RSV which may be supplied by the vertical-transfer
circuit 15 or by an extraneous circuit (not shown). As shown
near the tops of the timing diagrams of FIGS. 4 and 7, the
control pulses ¢ VA1 have a slight overlap, so that one of the
pulses 1s always low. This timing can be modified so that a
reset period (i.e., a period in which none of the pulses ¢ VAI
is low) occurs between the control pulses ¢ VA1. During such
a reset period, the level of the control pulse pRSV can be
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switched so as to close the MOS switches 20a, thereby
shunting any residual charge on the vertical-readout lines 12
to a reference potential such as ground. Under normal
conditions, a parasitic capacitance may exist on the vertical-
readout lines due to various charges transferred onto these
lines. Whenever the voltage on the vertical-readout lines 1s
too high due to parasitic capacitance, the JFETs 2 do not
function properly. This 1s because a sutficient voltage poten-
t1al must exist from the drain to the source of the JFETs 1n
order for the respective JFETs to be operational. It is
necessary to lower this parasitic charge voltage with the
current sources 20; however, this 1s time-consuming.

The time required to discharge parasitic voltages on the
vertical-readout lines 12 can be greatly reduced by using the
reset MOS switches 20a. Since, according to such a scheme,
closing of the MOS switches 20a shunts the undesired
charges to a reference potential, reset 1s very fast. This
facilitates a significant increase in the speed with which
vertical-line readout can be performed.

As discussed below, a substitute circuit may replace the
difference-detection circuit 41b. In general, any circuit that
can determine whether a pair of electrical mput signals
matches each other within a predetermined range may
suitably perform the function of the difference-detection
circuit 41b. An example of such a circuit 51b 1s shown 1n
FIG. 8. The alternative difference-detection circuit 515 oper-
ates as follows. First, the control pulse ¢SC 1s switched to
high momentarily while the pixel outputs of the preceding
frame (V_,,) are on the vertical-readout lines 12. This closes
the MOS switches QB1 and QB2 and creates a charging path
across the capacitors CCA and CCB. As a result, the voltage
potential across the capacitor CCA is (V_,,~(VT-Vth)),
wherein VT represents a threshold voltage iternally set in
the mverters INV1 and INV2, and Vth represents a threshold
that 1s used for determining motion detection. At the same
fime, the voltage potential across the capacitor CCB 1is
(V_;,,—~(VT+Vith)).

During a subsequent timing period, the pixel-output sig-
nals of the current frame are routed to the vertical-readout
lines 12. The voltage passing through the capacitors CCA,
CCB 1s equal to the voltage on the vertical-readout lines 12
(V. ) minus the potential across the capacitors. Thus, the
voltage passing through the capacitor CCAis (V,,_,,—V s+

FLOW

VT-Vith), while the voltage passing through the capacitor
CCB 1s (V V._,+VT-Vth).

As a result of the voltage relationships defined above,
whenever (V, -V _. )>Vth, the output of the inverter INV1
is low. In contrast, whenever (V,,,,,—V_;;)<Vth, the output of
the inverter INV1 is high. Similarly, whenever (V,__ -V . )
>—Vth, the output of the mnverter INV2 is low, and whenever
(V,...— V... )<—Vth, the output of the inverter INV2 is high.

FLOW

These logic outputs are passed through the inverters INV3,
INV4, INVS and mput mnto a NAND gate NA, as shown 1n
FIG. 8. As a result, whenever (V, -V _, ) from the NAND

cgate NA 1s 1n the range of —Vth to Vth, the NAND gate NA
produces a low output. Whenever (V, -V _, ) is outside the

FLC

range of —Vth to Vth, the NAND gate NA produces a high
output.

In order to provide a more accurate output, a control pulse
¢SD 1s provided at predetermined timing intervals so as to
close the MOS switches QB3, QB4. As a result, the capaci-
tors CCA, CCB are recharged 1n a positive return direction
through the inverters INV3, INV4, thereby providing a more
stable output signal.

As with the difference-detection circuit 41 b, the
difference-detection circuit S1b determines when the abso-
lute value of the difference between pixel outputs from

10

15

20

25

30

35

40

45

50

55

60

65

138

subsequent frames exceeds a predetermined threshold, pro-
viding a single-bit digitized logical output signal.

While the present invention has been described 1n con-
nection with preferred embodiments, it will be understood
that the invention 1s not limited to those embodiments. On
the contrary, the invention 1s intended to cover all
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined in the appended claims.

What 1s claimed 1s:

1. A solid-state 1image-pickup device, comprising:

(a) multiple pixels arranged in an array of at least one
column and at least one row, each pixel producing an
electrical charge according to a light quantity received
by the pixel and producing a corresponding pixel-
output signal;

(b) a respective individual vertical-readout line for each
column of pixels, each pixel in the respective column
having an output connected to the respective vertical-
readout line, each vertical-readout line having an out-
put terminus;

(c) a first vertical-scanning circuit that controllably
switches the outputs of the pixels in each column to the
respective vertical-readout line according to a prede-
termined readout sequence;

(d) a set of differential-processing circuits, a respective
differential-processing circuit being connected to the
output terminus of each respective vertical-readout
line, each differential-processing circuit receiving
pixel-output signals and corresponding pixel dark sig-
nals carried by the respective vertical-readout line, and
providing an output signal, from which the pixel dark
signals have been removed, at an output terminus of the
respective differential-processing circuit;

(¢) a first horizontal-readout line commonly connected to
the output termimi of the differential-processing cir-
cuits;

(f) a set of body-motion-detection circuits, a respective
body-motion-detection circuit being connected to the
output terminus of the respective vertical-readout line,
cach body-motion-detection circuit receiving a pixel-
output signal from a current frame and a pixel-output
signal from a previous frame carried by the respective
vertical-readout line and providing an output signal
based on a difference between the respective pixel-
output signal from the current frame and the respective
pixel-output signal from the previous frame, at an
output terminus of the respective body-motion-
detection circuit;

(g) a second horizontal-readout line commonly connected
to the output termimi of the body-motion-detection
CIrcuits;

(h) a horizontal-transfer circuit configured and situated so
as to controllably trigger release of output signals of the
differential-processing circuits and the body-motion-
detection circuits so that such output signals are
sequentially read out on the respective first and second
horizontal-readout lines; and

(1) each pixel comprising an electronic shutter serving to
selectively discharge residual charges stored in the
respective pixel so as to reset the pixel 1n preparation
for outputting a subsequently produced pixel-output
signal.

2. The solid-state i1mage-pickup device of claim 1,

wherein the differential-processing circuits comprise a
capacitor and multiple semiconductor switches.
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3. The solid-state 1image-pickup device of claim 1,
wherein each body-motion-detection circuit comprises a
capacitor and multiple semiconductor switches.

4. The solid-state 1mage-pickup device of claim 1,
wherein output signals conducted by the first horizontal-
readout line constitute an 1mage signal, and output signals
conducted by the second horizontal-readout line constitute a
motion-detection signal.

5. The solid-state 1mage-pickup device of claim 4,
wherein the 1image signal 1s synchronous with the motion-
detection signal on a pixel-by-pixel basis.

6. The solid-state i1mage-pickup device of claim 1,
wherein each pixel comprises a control nput, the control
inputs for the multiple pixels being commonly connected by
row to respective control-signal lines from the vertical-
scanning circuit.

7. The solid-state 1mage-pickup device of claim 1,
wherein each pixel comprises a control mput, the device
further comprising a second vertical-scanning circuit, the
control inputs for the multiple pixels being commonly
connected by row to respective control-signal lines from the
first and second vertical-scanning circuits, the first and
second vertical-scanning circuits being situated on opposite
sides of the pixel array and being operable 1in a synchronous
manner with each other.

8. The solid-state image-pickup device of claim 1, further
comprising a respective reset switch for each respective
vertical-readout line, the reset switches being connected to
a reference potential and discharging residual charges on the
vertical-readout lines when the reset switches are closed.

9. The solid-state i1mage-pickup device of claim 1,
wherein each pixel comprises:

a photodiode having an anode and a cathode and produc-
ing an electrical charge according to a light quantity
received on a respective light-receiving surface and
producing a corresponding pixel-output signal, the
cathode of the photodiode being connected to a positive
voltage source;

a first semiconductor switch situated between the anode of
the photodiode and a reference voltage source, the first
semiconductor switch serving as the electronic shutter
for the pixel;

a second semiconductor switch having first and second
terminals, the first terminal being connected to the
anode of the photodiode;

a junction-type field-effect transistor (JFET) having a
gate, a source, and a drain, the gate being connected to
the second terminal of the second semiconductor
switch, and the drain being connected to the positive
voltage source;

a third semiconductor switch having first and second
terminals, the first terminal being connected to the gate
of the JFET and the second terminal being connected to
the reference voltage source; and

a fourth semiconductor switch having first and second
terminals, the first terminal being connected to the
source of the JFET and the second terminal being
connected to the respective vertical-readout line for the
column of pixels.

10. The solid-state image-pickup device of claim 9,
wherein the pixels are operable to simultaneously hold
electrical output signals produced by the photodiode during
a current frame and electrical output signals produced by the
photodiode during a previous frame.

11. The solid-state 1mage-pickup device of claim 1,
wherein:
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cach pixel comprises a photodiode having an anode and a
cathode and producing an electrical charge according to
a light quantity received on a respective light-receiving,
surface and outputting a corresponding pixel-output
signal, the cathode being connected to a positive volt-
age source; and

the electronic shutter comprises a MOS switch situated
between the anode and a conductor at a uniform reset
potential, so that the anode can be selectively reset to
the uniform reset potential.

12. A solid-state 1image-pickup device, comprising;:

(a) multiple pixels arranged in an array of at least one
column and at least one row, each pixel producing an
electrical charge according to a light quantity received
by the pixel and producing a corresponding pixel-
output signal, each pixel comprising an electronic
shutter serving to selectively discharge residual charges
stored 1n the respective pixel so as to reset the pixel 1n
preparation for outputting a subsequently produced
pixel-output signal;

(b) a respective individual vertical-readout line for each
column of pixels, each pixel in the respective column
having an output connected to the respective vertical-
readout line, each vertical-readout line having an out-
put terminus;

(c) a vertical-scanning circuit that controllably switches
the outputs of the pixels 1n each column to the respec-
tive vertical-readout line according to a predetermined
readout sequence;

(d) a set of differential-processing circuits, wherein a
respective differential-processing circuit 1s connected
to the output terminus of a respective vertical-readout
line, each differential-processing circuit receiving
pixel-output signals and corresponding pixel dark sig-
nals carried by the respective vertical-readout line and
providing an output signal, from which the pixel dark
signals have been removed, at an output terminus of the
respective differential-processing circuit;

(¢) a horizontal-readout line commonly connected to the
output termini of the differential-processing circuits;

(f) a first horizontal-transfer circuit configured and situ-
ated so as to controllably trigeer release of the output
signals of the differential-processing circuits so that
such output signals are sequentially read out on the
horizontal-readout line;

(g) a respective individual difference-detection circuit
connected to the output terminus of each respective
vertical-readout line, each difference-detection circuit
receiving pixel-output signals from a current frame and
pixel-output signals from a previous frame carried by
the respective vertical-readout line and providing an
output signal based on a difference between the respec-
tive pixel-output signal from the current frame and the
respective pixel-output signal from the previous frame,
at an output of the respective difference-detection cir-
cuit; and

(h) a horizontal-transfer circuit connected to the termini of
the difference-detection circuits, the horizontal-transfer
circuit being configured and situated so as to control-
lably output the difference-detection-circuit outputs 1n
a horizontal-line sequence to form a motion-detection
signal.

13. The solid-state 1mage-pickup device of claim 12,

65 wherein the horizontal-transfer circuit comprises a shift

register, the shift register having nputs connected to the
termini of the difference-detection circuits, the shift register
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storing the signals output by the difference-detection circuits
and controllably outputting the stored signals in a
horizontal-line sequence to form the motion-detection sig-
nal.

14. The solid-state 1mage-pickup device of claim 12,
wherein each difference-detection circuit provides a binary
output indicating whether an absolute value of the difference
between the respective pixel-output signals for a current
frame and a previous frame have exceeded a predetermined
threshold value.

15. The sold-state 1mage-pickup device of claim 12,
further comprising an individual respective reset switch for
cach respective vertical-readout line, the reset switches
being connected to a reference potential and discharging
residual charges on the respective vertical-readout lines
when the respective reset switches are closed.

16. The solid-state 1mage-pickup device of claim 12,
wherein each pixel comprises:

a photodiode having an anode and a cathode and produc-
ing an electrical output signal according to a light
quantity received on a respective light-receiving
surface, the cathode of the photodiode being connected
to a positive voltage source;

a first semiconductor switch situated between the anode of
the photodiode and a reference voltage source, the first
semiconductor switch serving as the electronic shutter
for the pixel;

a second semiconductor switch having first and second
terminals, the first terminal being connected to the
anode of the photodiode;

a junction-type field-effect transistor (JFET) having a
gate, a source, and a drain, the gate being connected to
the second terminal of the second semiconductor
switch and the source being connected to the positive
voltage source;

a third semiconductor switch having first and second
terminals, the first terminal being connected to the gate
of the JFET and the second terminal being connected to
the reference voltage source; and

a fourth semiconductor switch having first and second
terminals, the first terminal being connected to the
drain of the JFET and the second terminal being
connected to the respective vertical-readout line for the
column of pixels.

17. The solid-state 1mage-pickup device of claim 16,
wherein the pixels are operable to simultaneously hold
electrical output signals produced by the photodiode during
a current frame and produced by the photodiode during a
previous frame.

18. The solid-state 1mage-pickup device of claim 12,
wherein each difference-detection circuit comprises:

a first sample-and-hold circuit connected to the respective
vertical-readout line and storing the respective pixel-
output signals from a current frame;

a second sample-and-hold circuit connected to the respec-
tive vertical-readout line and storing the respective
pixel-output signals from a previous frame; and

a comparator circuit connected to and receiving inputs
from the first and second sample-and-hold circuits and
outputting a logic signal based on whether an absolute
value of a difference between the respective pixel-
output signals for the current frame and respective
pixel-output signals for the previous frame exceeds a
predetermined threshold value.

19. The solid-state 1mage-pickup device of claim 18,

wherein each comparator circuit comprises:
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a first comparator having plus and minus inputs, the plus
input being connected to the first sample-and-hold
circuit and the minus input being connected to the
second sample-and-hold circuit, the first comparator
outputting a high logic signal if an absolute value of a
difference between the signals produced by the respec-
tive first and second sample-and-hold circuits exceeds
a predetermined threshold value;

a second comparator having plus and minus inputs, the
plus 1nput being connected to the second sample-and-
hold circuit, and the minus input being connected to the
first sample-and-hold circuit, the second comparator
outputting a high logic signal if an absolute value of a
difference between the signals produced by the respec-
tive first and second sample-and-hold circuits exceeds
a predetermined threshold value; and

an OR gate having nputs connected to the outputs of the
respective first and second comparators, the OR gate
outputting a high logic signal 1f either of the respective
first or second comparators outputs a high logic signal.
20. A drive method for simultaneously reading out an

image signal and a motion-detection signal from a solid-
state 1mage-pickup device that comprises multiple pixels
arranged 1n a planar array of at least one column and at least
one row, each pixel producing an electrical output signal

according to a light quantity received by the pixel; a separate
vertical read-out line for each column of pixels, each pixel
in the respective column having an output connected to the
respective vertical read-out line and each vertical read-out
line having a terminus; a vertical-scanning circuit that
controllably switches output signals produced by the pixels
in the respective column to the respective vertical-readout
line; a separate differential-processing circuit connected to
an output terminus of the respective vertical-readout line and
having an output terminus; a first horizontal-readout line
commonly connected to the output termini of the
differential-processing circuits; a separate body-motion-
detection circuit connected to the output terminus of the
respective vertical-readout line and having an output termi-
nus; a second horizontal-readout line commonly connected
to the output termini of the body-motion-detection circuits;
and a horizontal-transfer circuit providing control signals to
the differential-processing circuits and the body-motion-
detection circuits, the drive method comprising the steps:

(a) performing an electronic shutter function by discharg-
ing residual charges from the pixels while leaving
intact stored charges from a previous frame;

(b) vertically scanning the pixel-output signals for the
previous frame for a selected row of pixels to the
vertical-readout lines;

(c) storing a charge corresponding to the pixel-output
signals 1n the respective body-motion-detection circuit;

(d) vertically scanning pixel dark signals for the current
frame for the selected row of pixels to the respective
vertical-readout lines;

(¢) storing a charge corresponding to the pixel dark
signals 1n the respective differential-processing circuit;

(f) vertically scanning the pixel-output signals for the
current frame for the selected row of pixels to the
respective vertical-readout lines;

(g) subtracting the stored charges of the current-frame
dark signals from the current-frame output signals 1n
the differential-processing circuits and horizontally
scanning the resultant signal out on the first horizontal-
readout line;

(h) subtracting the stored charges of the previous-frame
output signals from the current-frame output signals 1n
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the respective body-motion-detection circuit and hori-
zontally scanning the resulting signal out on the second
horizontal-readout line; and

(1) repeating steps (b)—(h) with the selected row being
vertically shifted to simultaneous produce a frame’s
worth of an 1mage signal and of a motion-detection
signal.

21. The method of claim 20, further comprising the step,
prior to step (a), of performing an electronic shutter function
by discharging the output signals from the pixels at a
predetermined time prior to reading the pixel outputs.

22. A drive method for simultaneously reading out an
image signal and a motion-detection signal from a solid-
state 1mage-pickup device that comprises multiple pixels
arranged 1n an array of at least one column and at least one
row, each pixel producing an electrical output signal accord-
ing to a light quanftity received by the pixel; a separate
vertical-readout line for each column of pixels, each pixel in
the respective column having an output connected to the
respective vertical-readout line and each vertical-readout
line having a terminus; a vertical-scanning circuit that
controllably switches output signals produced by the pixels
in the respective column to the respective vertical-readout
line; a separate differential-processing circuit connected to
an output terminus of each respective vertical-readout line
and having an output terminus; a horizontal-readout line
commonly connected to the output termini of the
differential-processing circuits; a separate difference-
detection circuit connected to the output terminus of each
respective vertical-readout line and having an output termi-
nus; and a horizontal-transfer circuit commonly connected
to the output termini of the difference-detection circuits and
that provides control signals to the differential-processing
circuits, the method comprising the steps:

(a) performing an electronic shutter function by discharg-
ing residual charges from the pixels while leaving
intact stored charges corresponding to a previous
frame;
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(b) vertically scanning the pixel-output signals for a
previous frame for a selected row of pixels to the
vertical-readout lines;

(c) storing a charge corresponding to the pixel-output
signals 1n the respective difference-detection circuit;

(d) vertically scanning pixel dark signals for the current
frame for the selected row of pixels to the respective
vertical-readout lines;

(¢) storing a charge corresponding to the pixel dark
signals 1n a respective differential-processing circuit;

(f) vertically scanning the pixel-output signals for the
current frame for the selected row of pixels to the
respective vertical-readout lines;

(g) storing a charge corresponding to the pixel-output
signals 1n the respective difference-detection circuit;

(h) subtracting the stored charges of the current-frame
dark signals from the current-frame output signals in
the differential-processing circuits and horizontally
scanning the resulting signal out on the horizontal-
readout line;

(1) comparing the stored charges of the previous-frame
output signals with the stored charges of the current-
frame output signals 1n the difference-detection circuits
to determine whether an absolute value of a difference
of the stored charges exceeds a predetermined
threshold, and outputting a binary signal, based on the
determination, to the horizontal-scanning circuit;

(j) sequentially outputting the binary signals with the
horizontal-scanning circuit to produce a motion-
detection signal; and

(k) repeating steps (b)—(j) with the selected row being
vertically shifted to simultaneously produce a frame’s
worth of an 1image signal and a motion-detection signal.
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